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EFFECTS OF NORTH ATLANTIC 
WIND AND WAVE FORCES ON 


__THE RADAR (TEXAS) TOWERS 


THIS RFPORT DFALS WITH WIND AND WAVE FORCES ON 
tHE "TexaS TowrRs", RADAR DEFENSE ISLANDS OFF 
THE New ENGLano Coast, 


No ATTEMPT HAS BEEN MADE TO EXPLAIN OR INCLUDE 
THE ELABORATE FORMULA REQUIRED FOR STRUCTURAL 
ALLOWANCES, 


WHILE §N SOME RESPECTS THIS REPORT MAY APPEAR 
TO BE INCOMPLETE, ITS PURPOSE 18 INTENDED ONLY 
TO DESCRIBE THE NATURAL OBSTACLES THAT Had TO 
BE OVERCOME {ano UNDERSTOOD) 18 THE DESIGN AND 
ERECTION OF THESE TOWERS, 
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WAVE EFFECT ON RADAR TOWERS 


PART 1 


WAVE ACTION WAS ONE OF THE MAJOR PROBLEMS TO OVERCOME 
IN DESIGNING THE RADAR TOWERS FOR PERMANENT ANCHORING 
OFF THE ATLANTIC COAST. IN DECIDING THE TowER'S POS- 
ITION, CONSIDERATION WAS GIVEN TO WAVE REFRACTION AND 
DIFFUSION (DUE TO THE SHOAL'S SHAPE) TO MINIMIZE WAVE 
EFFECT. 


IN ORDER TO UNDERSTAND HOW CALCULATIONS FOR WAVE EFFECT 
WERE MADE, SOME IDEA OF THE OCEAN WAVE'S CHARACTERIS— 
TICS WILL BE REQUIRED. 


THE MOST COMMON TYPE OF WAVE IN THE OPEN SEA 1S THE 
WAVE CAUSED BY THE WIND. WIND DOES NOT BLOW AT A 
CONSTANT VELOCITY, BUT ALWAYS IR IRREGULAR GUSTS, AND 
THESE GUSTS SUBJECT THE OCEAN SURFACE TO IRREGULAR 
UNEQUAL PRESSURES WHICH DEFORM IT FROM A LEVEL SURFACE 
INTO ONE OF TROUGHS ANO CRESTS. THE SIZE OF OCEAN 
WAVES DEPEND UPON THE STRENGTH OF WIND, iTs' DURATION, 
AND THE EXTENT OF OPEN WATERS OVER WHICH !T BLOWS. 


FROM OBSERVATION 1T 1S FOUND THAT THE LENGTH OF WAVES 
ARE INCREASED WHEN THE LENGTH OF FETCH, OR LENGTH OF 
THE WATER TO WINDWARD, 1S INCREASED. THE ENERGY OF A 
WAVE, AND CONSEQUENTLY iT'S DESTRUCTIVE FORCE, DEPENDS 
UPON IT'S LENGTH, HEIGHT AND VELOCITY. 


THE LENGTH OF A WAVE 1S THE HORIZONTAL DISTANCE FROM 
TROUGH TO TROUGH, OR FROM CREST TO CREST. 


THE HEIGHT OF A WAVE 1S THE VERTICAL DISTANCE MEASURED 
FROM THE BOTTOM OF THE TROUGH TO THE TOP OF THE CREST. 


THE PERIOD OF A WAVE 1S THE TIME INTERVAL IN SECONDS 
BETWEEN THE PASSAGE GF TWO SUCCESSIVE CRESTS PAST A 
FIXED POINT. 
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THE VELOCITY OF A WAVE IS THE RATE AT WHICH IT'S 
CRESTS MOVE FORWARD, OR THE VELOCITY EQUALS THE 
LENGTH DIVIDED BY THE PERIOD. By APPROXIMATION, 
THE VELOCITY IN KNOTS NEARLY EQUALS THREE TIMES 
THE PERIOD !N SECONDS. 


THE MAXIMUM LENGTH OF A WAVE IN THE NORTH ATLANTIC 
APPEARS TO BE ABOUT 1,600 FEET WHICH CORRESPONDS 

TO A PERIOD OF ABouT 16 SECONDS. LONGER WAVES MAY 
HAVE BEEN REPORTED FOR THE NORTH ATLANTIC, BUT THEY 
ARE EXTREMELY UNUSUAL AND THE OBSERVATIONS ARE 
QUESTIONABLE. 


AVERAGE SIZE OF ATLANTIC WAVES - WAVES FROM 500 To 
600 FEET IN LENGTH ARE SOMETIMES ENCOUNTERED IN THE 
NoRTH ATLANTIC, BUT GENERALLY THEY ARE FROM 150 To 
300 FEET with PeRiops FROM 6 to & seconps. 


EXTREMELY HIGH WAVES ARE OCCASIONALLY REPORTED FOR 
THE NORTH ATLANTIC, THESE RANGE UP To 60 FEET IN 
HEIGHT. THE VERY HIGH WAVES ARE USUALLY LITTLE 
WAVES ON TOP OF BIG WAVES, ANDO AS SUCH THEY DO NoT 
INVOLVE MUCH WATER IN THE PEAK REGION. [N SOME OF 
THESE "VERY HIGH WAVES", MUCH OF THE ENERGY 1S 
SPENT IN UP AND DOWN MOTION RATHER THAN FORWARD 
MOTION. THUS, THE ENERGY AVAILABLE IN THESE OVER- 
SIZED WAVES WHICH CAN BE SPENT IN A HORIZONTAL 
DIRECTION MAY NOT NECESSARILY BE THE SAME TYPE OF 
FUNCTION OF WAVE HEIGHT AS FOR LOW OR MEDIUM WAVES. 


DISTURBANCE BENEATH SURFACE 


THE DISTURBANCE SET UP BY THE WAVE MOTION EXTENOS 
FOR SOME DISTANCE BELOW THE SURFACE, BUT THE SIZE 
OF THE ORBITS, THROUGH WHICH THE WATER PARTICLES 
MOVE, DECREASES RAPIDLY WITH INCREASE IN DEPTH, 

AT A DEPTH EQUAL TO ONE WAVE LENGTH, !T tS LESS 
THAN A FIVE HUNDREOTH PART OF WHAT !T WAS AT THE 
SURFACE, SO THAT WATER AT THAT DEPTH MAY BE CONSID=- 
ERED UNDISTURBED AND ANY MOTION ASSOCIATED WITH THE 
LARGEST OCEAN WAVES |S ItNAPPRECIABLE AT EVEN MODEST 
DEPTHS. 


WAVE EFFECT IN SHOAL WATER 


WAVES FROM DEEP WATER ARE MODIFIED AS THEY GET INTO 
SHOAL WATER. WHEN THE DEPTH IS REDUCED TO LESS THAN 
ONE-HALF THE WAVE LENGTH THE ORBIT OF THE PARTICLES 


‘et oat Hons 38a aren Soe man ye aTmOW 
) BOHOD 32 3 be Hauehs Sasa BTW 123%. Oog 


“Ro GaTRodaa- yisanetedaco ‘aa 
Hi Tag Od: er su 2DWAR 28 SH: 
Satta VOIAURM: AA eee 


TOW OW PUNT: Hue. BA: ava BavAW 0.18. om 
a, | amos wh: SMOLOSR. HADI. ant Wh RATAW Hum av 400M: 


2) Youaus ant Ww HON y Tea we ae } yea" 3e3n7 
CRAWA DS. BAHT, FANTAAR POT TOM RIOR OMA Ru wh AMSA. > 


“A3VO: SEIMT Wi FIVAILAVA YORAM] BHF .SCKT “pROLTOM ns: 


JATHODINOH A Wh FUER Fe WA Horne BIVAW OBKIe-. 
AO DAES BMAS BH 3a YIPRACEIOIM TOM VAM MOATIBALO.s. 


+e aV AWS alt 3h 89. WO3 AVI 8A THEIAW S¥AW BO MOITIHNG: 


COMBERA MOT TOR IVAW HT va as Tae. ‘ssuabanetara, any 2 
ase: Set THR (IIAWTS BHT WOISH BIWATEIG BOE RO - 
ERSIITAAR RATAW INT HOIMW HAVORHT ,BYIBAG BHT YO 


-HTSSG Mi. TEAIHIMI RTEW ¥AQLSAR SF2ANAND 30 2oVOn: > 


2egd224. Fi NTanay 9VAW FMO OT ZAURR HT4930 “4 TA 
aHT TROCAW OTe TAMW AO THAN HTOIRERUE BVI A WAHT 
“O13000308 YAM HIRO TART TA ADTAW TABY 02 , Joa dnve 
3k Roaw ce et geet, Neage nine. WA GasRuTeioNU gana 
VEIGOM HOVG TA PYRATIAMATAMT BY CAVAW WAFIIO Feronas - 


oh BS 


orton 


or 


SRT SSA en 


ASIAN JACM Ah Tet. ay uae , 


Ori Rae PHT. ee at 21 dom, aA HaTAW 8O30 MORI BVAW > - 
WAMT: S91 of. GRdUeaR- EY UPAR IAT WanW VRATAW JAOHe 


SSW TR ary See ae F sudiel tht KYOUI2 AVAW BHT: FIAH~2MO 


+4 


Di ic 
“4 


COMMENCE TO BECOME FLAT. THE PERIOD REMAINS UN- 
CHANGED, BUT LENGTH AND SPEED ARE CREASED, THE 
WAVE BECOMES HIGHER AND SHORTER, THE CREST ARCHES 
FORWARD AND FINDING ITSELF UNSUPPORTED BY SUFFIC~ 
1ENT WATER ON THE FRONT, DASHES DOWNWARD, PRODUC 
ING A WAVE BROKEN INTO SURF. 


SWELL 


AS WAVES MOVE BEYOND THE WIND-~SWEPT REGION THEY 
GRADUALLY LESSEN IN HEIGHT AND GIVE RISE TO GENTLE 
UNDULATION KNOWN AS SWELL, OR GROUND SWELL. THE 
TERM SWELL 1S ALSO USED TO DENOTE THE GRADUAL DYING 
DOWN OF WAVES THAT THE WINDS HAD PREVIOUSLY SET UP, 


A STORM WAVE MAY BREAK AS A SPILLING BREAKER SEVERAL 
TIMES, OR EVEN CONTINUOUSLY, AND THE CREST ANGLE 

WILL BE ABOUT 120°. NO VERTICAL FRONT WILL APPEAR. 
IF A SWELL BREAKS ON A SHOAL, IT WILL LOSE MUCH 
ENERGY AND NOT BREAK AGAIN AS LONG AS THE WATER DEPTH 
REMAINS CONSTANT. THUus, ON THE INSIDE OF A SHOAL, 
ONLY SPILLING BREAKERS WOULD GE GENERALLY EXPECTED. 


NOTE: No ATTEMPT HAS BEEN MADE IN THIS REPORT 
TO DESCRIBE OCEAN WAVES CAUSED BY OTHER 
FORCES OF NATURE, |.E., SUBMARINE, EARTH 
QUAKE, OR SUBMARINE VOLCANIC EXPLOSION. 


Puls awe a. a 
MWA YOR S43 
BO CAE AMSA © 
A Ce ae NAO, 


fewarne on 
pGsAIEIG OF) 
TAT AM, a aecren 

i" cTAue 


PART If 


MAXIMUM WINDS AND WAVES 


A STUDY OF WEATHER MAPS FOR THE LAST TWENTY YEARS 
HAS YIELDED THE RESULTS SHOWN IN TABLE '{". THE 
WAVE PREDICTIONS IN THIS TABLE ARE BASED ON A STUDY 
MADE AT NEW YorK UNIVERSITY FOR THE BUREAU OF AERO- 
NAUTICS, UNITED STATES NAVY, THE RESULTS OF WHICH 
ARE CONTAINED IN. PRACTICAL METHODS FOR OBSERVING 
AND FORECASTING OCEAN WAVES’, JULY 1953. 


TABLE | 
ANALYSIS OF MAXIMUM STORM WINDS AND WAVES 


ANALYSIS BY Woods HOLE OCEANOGRAPHIC INSTITUTION 
USING WEATHER BUREAU MAPS. 


WINDS 
Ave. Dura- Max. Wave He !GutT* 
Vee ON) (Re TCH Vet. AVE. oF 104- 
RIES DATE Dirk. Mein | HRS. Mi. Mev. HiGHesT Ft. 
IRRICANE Sept. 2l,'30 SSE 30 8 400 120 50 
IURR! CANE OG rwe W'S S 5) 5 500 fe) 4 
»TORM Dec. 3-4, '37 NE 55 30 600 5 LG 
STORM Nov.29-30,'45 E {0 30 SC) 7/5 -SKO) 66 
STORM Seni. 225058 S Lo cu 600 50 2 
iTORM » Nova Fe alS3 E 60 30 600 10 8 


NOTE: DurRING THESE MAXIMUM STORMS GO% oF ALL WAVES WILL 
BE LESS THAN O.f/ TIMES THESE HEIGHTS, BUT SINGLE 
MAXIMUM WAVES MAY BE I|[.5 TIMES HEIGHTS LISTED. 


{T WILL BE NOTED IN TABLE “f° THAT THE MAXIMUM WIND 
OCCURRED DURING A HURICANE AT A VELOCITY OF [20 

MILES PER HOUR AND THAT THE COMPUTED AVERAGE HEIGHT 
OF THe 10% HIGHEST WAVES 1S 66 FEET DURING AN EAST~ 
ERLY STORM. THE COMPUTED WAVE HEIGHTS ARE BASED ON 
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A STATISTICAL PROCEDURE OF ANALYSIS APPLIED TO WAVE 
SPECTRA CONFORMING CLOSELY TO ACTUAL SEA WAVES. 

THIS THEORETICAL METHOD HAS BEEN CHECKED FOR SEA 
CONDITIONS WHERE THE MAXIMUM HEIGHT OF WAVES tS 
APPROXIMATELY TWENTY (20) FEET. NO CHECKS ARE YET 
AVAILABLE FOR HIGHER SEA CONDITIONS, ACCORDING TO 
THE STATISTICAL THEORY, MOST OF THE WAVES IN A STORM 
WILL BE CONSIDERABLY LOWER IN HEIGHT THAN THE AVERAGE 
OF THE [0 PER CENT HIGHEST WAVES; BUT, THEORETICALLY, 
ONE WAVE IN ONE THOUSAND DURING MAXIMUM STORM WILL 
HAVE A HEIGHT |.5 TIMES THE HEIGHT OF THE AVERAGE OF 
THe JO PER CENT HIGHEST AND ONE WAVE IN TWENTY THOU- 
SAND MAY BE EVEN HIGHER, ${N THIS CONNECTION, IT MAY 
BE WELL TO QUOTE COMMENTS FROM THE NEW YORK UNIVER- 
SITY REPORT AS FOLLOWS? 


"EXCEPTIONALLY HIGH WAVES REPORTED AS RARE 
OCCURRENCES HAVE BEEN ACTUALLY OBSERVED. THEY 
ARE OFTEN REPORTED BY SEA-GOING MEN AND THERE 
HAS BEEN A LOT OF SPECULATION AS TO HOW AND 

WHY THEY FORM. THESE HIGH WAVES FORM BECAUSE 
THEY ARE A BASIC PROPERTY OF THE RANDOMNESS OF 
THE WAVES. IN HEAVY SEAS, OR FULLY DEVELOPED 
SEAS, THESE OUTSIZE WAVES ARE VERY UNSTABLE. 
THEY MAY BE BREAKING AT THE CRESTS AND PRODUCE 

A WALL OF PLUNGING WHITE WATER OUT IN THE MIDDLE 
OF THE OPEN OCEAN. THESE OUTSIZE WAVES THEN ARE 
DESTROYED BY THEIR VERY HEIGHT. THUS, IN A 
HEAVY SEA, THEY ARE RARE." 


THE SCIENTISTS OF THE WoODS HOLE OCEANOGRAPHIC INSTI- 
TUTION AGREE THAT THE ouTSIzeE oR "GIGANTIC’ WAVES DO 
OCCUR AND THERE ARE NUMEROUS RECORDS IN MARITIME 
REPORTS AND HISTORY OF SUCH WAVES BEING OBSERVED. 
HOWEVER, THERE IS SOME LIMITING HEIGHT BEYOND WHICH 
THE OUTS$ZE OR GIGANTIC WAVES WILL NOT OCCUR. THEY 
DO NOT KNOW WHAT THIS HEIGHT IS, BUT BELIEVE THAT _IN 
THE NORTH ATLANTIC #7 1S IN THE GENERAL ORDER oF GO 
TO 9O FEET. WHILE SUCH WAVES ARE ADMITTEDLY UNSTABLE, 
SELF-LIMITING AND OF RARE OCCURRENCE, THEIR EXISTENCE 
CANNOT BE IGNORED AND CONSIDERATION MUST BE GIVEN TO 
THE EFFECTS OF SUCH A POSSIBLE GIGANTIC WAVE ON A 
STRUCTURE FIXED TO THE SEA BOTTOM, 
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[IN OPEN OCEAN, WAVES TAKE THE FORM OF SEA OR SWELLS. 
THE FOLLOWING 1S A BRIEF SUMMARY OF THE CHARACTER- 
1STICS OF SEAS AND SWELLS TAKEN FROM aA New York 
UNIVERSITY REPORT: 


"IN A SEA, THE WAVES ARE IRREGULAR, CHAOTIC, 
SHORT~CRESTED, MOUNTAINOUS AND UNPREDICTABLE. 


HIGH WAVES FOLLOW LOW WAVES IN A COMPLETELY 
MIXED UP WAY. THE CRESTS ARE ONLY TWO OR 

THREE TIMES AS LONG AS THE DISTANCE BETWEEN 
CRESTS.ee INDIVIDUAL CRESTS CAN APPEAR TO BE 
TRAVELING IN DIFFERENT DIRECTIONS VARYING 

BY AS MUCH AS 20 OR 30 DEGREES FROM THE DOMINANT 
DIRECTION. THERE ARE WAVES ON TOP OF WAVES, AND 
CRESTS WITH DEPRESSIONS IN THE TOP... THE PAT— 
TERN OF THE SEA NEVER REPEATS ITSELF AND NEVER 
DUPLICATES ITSELF. NO TWO AERIAL PHOTOGRAPHS 

OR WAVE RECORDS OF A SEA WELL EVER BE EXACTLY 
ALIKE. THE PATTERN CHANGES RAPIOLY WITH TIME. 
THE HIGH WAVES DIE DOWN AS THEY TRAVEL ALONG 

‘ND SOON DISAPPEAR, NEW WAVES, WHICH WERE ONCE 
VERY LOW, FORM AND BUILD UP TO TAKE THEIR PLACES. 
INDIVIDUAL WAVE CRESTS CAN DISAPPEAR COMPLETELY 
IN THE?R TRACKS AS THEY TRAVEL A DISTANCE AS 
skORT 48 5OO FEET. 


"IN A SWELL, THE WAVES ARE MORE REGULAR, LONGER 
CRESTED AND MORE PREDICTABLE. HIGH WAVES 


(COMPARED WITH THE AVERAGE) FOLLOW HIGH WAVES 

AND LOW WAVES FOLLOW LOW WAVES. WHEN THE WAVES 
ARE HIGH, FIVE OR SIX WAVES OF NEARLY THE SAME 
HEIGHT WILL PASS IN A ROW. WHEN THE WAVES ARE 
LOW, THEY CAN REMAIN LOW FOR MAYBE AS MUCH AS 

A MINUTE AND A HALF. #F THE WAVES ARE INCREA- 
SING IN HEIGHT, THE NEXT WAVE WILL BE HIGHER. 

IF THE WAVES ARE DECREASING IN HEIGHT, THE NEXT 
WAVE WILL PROBABLY BE LOWER. A GUESS ABOUT THE 
HEIGHT OF THE NEXT TWO OR THREE WAVES TO PASS 

ON THE BASIS OF WHETHER THE WAVE WHICH HAS PASSED 
1S HIGH OR LOW AND ON THE BASIS OF WHETHER THE 
HEIGHTS ARE {NCREASING OR DECREASING WILL BE 
RIGHT VERY OFTEN. A SWELL 1S PREDICTABLE IN A 
SHORT RANGE SENSE. THE CRESTS ARE MUCH LONGER -- 
AS MUCH AS SIX OR SEVEN TIMES THE DISTANCE BETWEEN 
THE CRESTS. THE PATTERN 1S STILL AS BASICALLY 
UNPREDICTABLE OVER LONGER TIME INTERVALS AS THAT 
OFTHE SEA.” 
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PART ttl 
TIDES AND TIDAL CURRENTS 


THE Wooos HOLE OCEANOGRAPHIC [NSTITUTION HAS ESTI- 
MATED THAT THE MAXIMUM ASTRONOMICAL TIDES AT 
GeEorGE'sS BANK AND NANTUCKET SHOALS WILL BE IN THE 
ORDER OF 2 FEET ABOVE AND BELOW MAIN SEA LEVEL. 

THIS ESTIMATE HAS BEEN CONFIRMED EXACTLY BY TIDE 
CYCLE MEASUREMENTS MADE FROM THE FIXED PLATFORM 

OF THE DRILL BARGE DURING BORING OPERATIONS AT THESE 
LOCATIONS. [T !S POSSIBLE THAT THE ASTRONOMICAL 
TIDE MAY BE SOMEWHAT GREATER AT CASHES LEDGE AND 
SOMEWHAT LESS AT BRowN'S BANK AND THE LOCATION OFF 
New YorRK. THE CHARTS OF GEORGES BANK AND NANTUCKET 
SHOALS SHOW TIDAL CURRENTS UP TO VELOCITIES OF 5 
KNOTS PER HOUR VARYING IN ALL DIRECTIONS WITH THE 
STAGE OF THE TIDE. OBSERVATIONS DURING THE DRILLING 
OPERATIONS CONFIRMED THESE TIDAL CURRENTS WHICH 
MAINTAINED ALMOST CONSTANT VELOCITY ALTHOUGH SHIFT- 
ING IN DIRECTION OVER THE TIDAL CYCLE. BOTH THE 
CHARTS AND OBSERVATIONS OURING THE DRILLING OPERA- 
TIONS SHOW HEAVY TIDAL RIPS OVER OR NEAR THE SHALLOW- 
EST PORTIONS OF THE SHOAL AREAS. FURTHER, THE Wooods 
HOLE GEOLOGISTS WHO INVESTIGATED THE BOTTOM CONDI- 
TIONS IN THESE AREAS BY SKIN DIVING, REPORT THAT THE 
FIVE TO TEN FEET OF WATER |MMEDIATELY ABOVE SEA 
BOTTOM tS FULL OF SWIRLING SAND “RESEMBLING A DRIV- 
ING SNOW STORM’. THIS SWIRLING SAND 1S MOVED AND 
HELD IN SUSPENSION ‘BY THE TIDAL CURRENTS. THE WooDs 
HOLE OCEANOGRAPHIC INSTITUTION HAS ESTIMATED THAT 
METEOROLOGICAL TIDES MAY AMOUNT TO AS MUCH AS 6 FEET 
AND THAT THEY ARE LIKELY TO COINCIDE WITH SEVERE 
STORMS. 
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SAFE CONSTRUCTION PERIOD 


ON-SITE CONSTRUCTION OPERATIONS CAN BE CARRIED OUT 
SAFELY AT THE FIVE PROPOSED LOCATIONS ONLY DURING 

THE PERIOD BETWEEN MAY | AND AUGUST |O OF ANY YEAR. 
THe Woops HoLe OCEANOGRAPHIC INSTITUTE HAS REPORTED 
THAT STRONG EASTERLY AND NORTHEASTERLY STORM OCCUR 
AND CAN BE ANTICIPATED DURING THE WINTER AND SPRING 
MONTHS UP TO ABOUT THE END OF APRIL AND THAT AUGUST 
10 1S THE EARLIEST DATE RECORDED FOR THE PASSAGE OF 
HURRICANES OFF THE New ENGLAND COAST. DURING THE 
PERIOD FROM May { To AUGUST [O0, NOT MORE THAN FOUR 

OR FIVE DAYS OF DEAD CALM WEATHER NORMALLY OCCUR. 

AT ALL OTHER TIMES THE WAVES YARY FROM A MINIMUM OF 
APPROXIMATELY 4 FEET TO A MAXIMUM OF APPROXIMATELY 

15 Feet. A STUDY OF THE WEATHER RECORDS BETWEEN 

May [| AND AuGusT 10, inCLUDING [200 OBSERVATIONS OF 
WIND VELOCITY, SHOW THAT IN ONLY [O CASES OUT OF 

1200 WAS THE WIND VELOCITY GREATER THAN 20 MILES 

PER HOUR AND IN ONLY ONE CASE WAS THE WIND VELOCITY 
GREATER THAN 4O MILES PER HOUR. A WIND VELOCITY OF 
28 MILES PER HOUR COULD PRODUCE WAVES THE HIGHEST 

OF WHICH WOULD BE APPROXIMATELY [5 FEET. THE ONE 
CASE OF A WIND VELociTY oF over 4O mMiLES PER HOUR 
COULD HAVE PRODUCED A FEW WAVES AS HIGH AS 25 FEET. 
THUS, OVER THE PERIOD OF ABOUT I5 YEARS STUDY, THERE WERE 
10 OCCASIONS WHEN MAXIMUM HEIGHTS OF WAVES COULD HAVE 
BEEN ABOUT [5 FEET AND ONE CASE WHERE MAXIMUM HEIGHT 
OF WAVE COULD HAVE BEEN 25 FEET. UNDER THESE CONDI- 
TIONS IT IS NOT FEASIBLE TO USE ANY SCHEME WHICH 
REQUIRES ON-SITE CONSTRUCTION PROCEDURES FROM FLOAT-—- 
ING EQUIPMENT. SUCH EQUIPMENT CAN NOT OPERATE SAFELY 
AND SUCCESSFULLY IN WAVES OVER 4 FEET IN HEIGHT. 

FOR DESIGN OF CONSTRUCTION PROCEDURES NOT USING 
FLOATING EQUIPMENT, WAVE HEIGHTS OF [5 FEET AND WIND 
VELOCITY OF 5O MILES PER HOUR SEEM TO BE SAFE FOR ALL 
EXCEPT EXTREME AND UNUSUAL CONDITIONS. 


WAVE HEIGHT AND CONDITION AND DESIGN STRESSES 


THE POSSIBILITIES OF PROTECTION OF THE STRUCTURES 
AGAINST MAXiMUM WAVE FORCES BY CHOICE OF LOCATION 
HAS BEEN REVIEWED WITH THE Woods HOLE OCEANOGRAPHIC 
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INSTITUTION. CASHES LEDGE IS PROTECTED BY Brown's 
BANK TO THE NORTHEAST AND EAST AND GeorGce's BANK 

TO THE SOUTH, SUT HAS NO PROTECTION AGAINST EAST- 
ERLY STORMS. PROTECTION AGAINST THE MAXIMUM SEA 
WAVES OF SOUTHEASTERLY AND EASTERLY STORMS CAN BE 
OBTAINED AT GEORGE'S BANK AND NANTUCKET SHOALS BY 
LOCATING THE STRUCTURES ON THE LEE SIDE OF SHOAL 
AREAS FOR SUCH STORMS. NO PROTECTION BY SHOAL 
AREAS #S AVAILABLE AT Brown's BANK AND AT THE LOCA- 
TION OFF New York. AFTER CONSIDERABLE STUDY, JIT 
WAS DECIDED THAT THE PROBABILITY OF 60 FOOT WAVES 
OCCURRING SEVERAL TIMES DURING A PERIOD OF TWENTY 
YEARS AT ANY OF THE LOCATIONS DEFINITELY EXISTS. 

ON THE BASIS OF TWENTY-YEAR WEATHER RECORDS, SUCH 
WAVES ARE ASSOCIATED WITH NORTHEASTERLY OR EAST~- 
ERLY STORMS, RATHER THAN WITH HURRICANES AND THE 
WIND VELOCITIES ASSOCIATEB WITH SUCH WAVES ARE 
THOSE OF THE STORMS. SUCH WAVES MAY ALSO BE ASSOC- 
JATED WITH REGENERATED SWELLS FROM DISTANT STORMS. 
UNDER HURRICANE CONDITIONS WITH HIGH WIND VELO- 
CITIES, #T 1S NOT PROBABLE THAT WAVES OVER NG) PRET 
WILL OCCUR. IT 1S, HOWEVER, DEFINITELY POSSIBLE 
UNDER THESE HIGH WIND CONDITIONS, THAT THE WAVES 
WILL BE UNSTABLE AND WILL BE BREAKING DUE TO WIND 
FORCES AND INDEPENDENTLY OF BOTTOM DRAG CONDITIONS. 
ON THE BASIS OF THESE CONSIDERATIONS, THE DESIGN 
CRITERIA AND ALLOWABLE STRESSES SHOWW IN TABLE [ff 
HAVE BEEN DEVELOPED, THE VALUES IN THIS TABLE HAVE 
BEEN CONCURRED IN BY THE SCIENTISTS OF THE WoOoOS 
HOLE OCEANOGRAPHIC INSTITUTION. [N CONNECTION WITH 
THESE VALUES, DESIGN PROCEDURES HAVE USED THE MINI- 
MUM WAVE LENGTH FOR STABLE WAVES GF EACH HEIGHT {N- 
VESTIGATED. THUS, MAXIMUM FORCES HAVE BEEN USED FOR 
THE SEVERAL WAVE HEIGHTS. UNDER ACTUAL SEA CONDI- 
TIONS, §T 1S PROBABLE THAT MOST OF THE WAVES OF THESE 
DESIGN HEIGHTS WILL HAVE WAVE LENGTHS DEFINITELY 
LARGER THAN SEVEN TIMES THE WAVE HEIGHT. THUS, AN 
ADDITIONAL MARGIN OF SAFETY #N TERMS OF WAVE FORCE 
HAS BEEN USED, 
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TABLE II 


DESIGN CRITERIA AND ALLOWABLE STRESSES 


WIND WAVE 
VELOCITY HE | GHT WAVE 
MPH Pile CONDITION 
70 60 Non-BREAK ING 
125 ho Non-BREAK ING 
125 35 BREAKING 
50) 15 NON-BREAKING 


* NOTE: Case 4 15 DESIGN CONDITION FOR 

: AND ON-SITE CONSTRUCTION OPERA 
INCLUDING DESIGN OF AUXILIARY 
THE INFLATED DOMES WILL NOT BE 
DURING THIS STAGE OF CONSTRUCT 


IT 1S BELtEVED THAT THE VALUES FOR DESI 
HEIGHT AND ALLOWABLE DESIGN STRESS LIST 
SHOULD NOT BE REDUCED. A LARGE AND UNR 
TAINTY REMAINS CONCERNING THE MAXIMUM H 
THAT MAY STRIKE THE PLATFORM SUPPORTS OD 
FUL LIFE. WHILE THE MAXIMUM POSSIBLE H 
UNCERTAIN, THERE SEEMS TO BE A DEFINITE 
THAT ONE SUCH WAVE MAY STRIKE THE PLATF 
WITHIN A PERIOD OF TWENTY YEARS. THE D 
CEDED ON THE BAS!IS THAT THE OCCURRENCE 
WAVE MAY CAUSE STRESSES IN THE STRUCTUR 
OF THE PLATFORM SUPPORTS INTO THE PLAST 
STRESS FOR THE STRUCTURAL MATERIALS. 4H 
SAFETY OF THE PLATFORM AND THE PERSONNE 
NOT BE ENDANGERED AND iT 1S BELIEVED TH 
REPLACEMENTS OF OVERSTRESSED ELEMENTS C 
SUCH A WAVE OCCURS. FURTHER, JST HAS NO 
TO RESOLVE EXISTING UNCERTAINTIES CONCE 
REGENERATION AND FOCUSING OF SWELLS COM 
POSSIBLE DIRECTION. THEREFORE, {T IS B 
SOME MARGIN MUST BE PROVIDED FOR SUCH §5 
THUS, IT 1S BELIEVED THAT THE DESIGN CR 
SET FORTH iN TABLE |] ARE SAFE AND REAS 
THAT THEY SHOULD NOT BE REDUCED. 


ALLOWABLE DESIGN STRESSES 


Am. NST. OF STEEL CONSTR 
CoDE VALUES 

AISC values + 33% BUT Not 
oveR 20,000 Psi. 

AISC vatues + 50% But not 
over 25,000 Psi. 

AiSC values + 50% But not 
OVER 25,000 Psi 


TOWING 
TIONS, 
LEGS. 

INSTALLED 
LON. 


GN, WIND, WAVE 
ED IN TABLE [I 
ESOLVED UNCER- 
E!GHT OF WAVE 
URING #TS USE- 
EIGHT iS 
PROBABILITY 
ORM SUPPORTS 
ESIGN HAS PRO- 
OF ONE SUCH 
AL ELEMENTS 
1C RANGE OF 
OWEVER, IF THE 
L ON IT WELL 
AT REPAIRS OR 
AN BE MADE IF 
T BEEN POSSIBLE 
RNING POSSIBLE 
ING FROM ANY 
ELIEVED THAT 
WELL CONDITIONS. 
ITERTA VALUES 
ONABLE, BUT 
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ELEVATION OF BOTTOM OF PLATFORM 


THE MAXIMUM INTENSITY OF WAVE FORCE OCCURS CLOSE 
TO THE MAXIMUM ELEVATION OF THE WAVE CREST. IF 
THESE LARGE INTENSITIES OF WAVE FORCE SHOULD BE 
APPLIED TO LARGE AREAS SUCH AS THE AREAS OF THE 
PLATFORMS THEMSELVES, EXTREMELY LARGE TOTAL FORCES 
WOULD RESULT. THEREFOR, SAFETY AND INTEGRITY OF 
THE PLATFORMS REQUIRES THAT THE PLATFORMS THEM-— 
SELVES ALWAYS BE DEFINITELY ABOVE THE CRESTS OF 
ANY WAVES THAT MAY PASS THEM. THIS CONCLUSION 1S 
CONFIRMED BY EXPERIENCE WITH OFFSHORE OIL WELL 
DRILLING PLATFORMS IN THE GULF oF MEXICO WHERE 
MAJOR FA!LURES AND COMPLETE LOSS OF THE PLATFORMS 
HAS BEEN REPORTED !N TWO INSTANCES AS THE RESULT 
OF WAVE CRESTS STRIKING THE PLATFORMS THEMSELVES. 
ON THIS BASIS THE EVALUATIONS OF HEIGHT REQUIRE- 
MENTS SHOWN IN TABLE [II HAVE BEEN PREPARED. 
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PART V 


TABLE ttl 
WAVE HEIGHT ABOVE MEAN SEA LEVEL 
Wave HEIGHT Feet 60 15 90 96 
MIN. WAVE LENGTH FEET 420 530 630 670 
ASTRONOMICAL TIDE 2.0 2.0 2.0 2.0 
METEORLOGICAi TIDE 6.0 6.0 6.0 6.0 
Rise iN WATER SURFACE 6.3 7.4 9.5 10.1 
HALF WAVE HEIGHT peo SOS) 45.0 48.0 
Totat Ht. ABove MSL 4 3 52.9 62.5 66.1 
CLEARANCE BELow E. 67.0 22.7 put 445 0.9 


PRELIMINARY EVALU 
FOR THE LOWEST EL 
ABOVE MEAN SEA LE 
TN VIEW OF ALL UN 
WAVES, A SINGLE W 
SEEMS POSSIBLE. 

1S DP EkeIe Gian 
OF SUCH A WAVE 15S 
Tasre fll, sotto 
VIDES CLEARANCE F 


THE !MPORTANT CON 
THAT THE WAVE FOR 
DEPTH AND THAT TH 
THE WAVE WITH THE 


WHEN THE SUPPORT! 
WITH THE PASSAGE 
OR THE FORCE ON T 


ATEONS INDICATED THAT A HEIGHT 
EMENTS OF THE PLATFORM {TSELF 
Ven OF 67 FEET WAS DESIRABLE. 
CERTAINTIES CONCERNING MAX(MUM 
AVE WiTH A HEIGHT OF 9O FEET 

IF THE BOTTOM CF THE PLATFORM 
4.5 FT. CLEARANCE FOR THE CREST 
PROVIDED. FURTHER, AS SHOWN IN 
M OF PLATFORM AT ELEVv. Of, PRO- 
oR A 96 FOOT HIGH WAVE. 


CLUSIONS FROM THIS REPORT ARE 
CE IS tNOEPENDENT OF THE WATER 
E MAXIMUM FORCE {15 EXERTED BY 
MINIMUM STABLE WAVE LENGTH. 


NG LEGS OF THE TOWER INTERFERE 
OF A WAVE, THE ENERGY ABSORBED, 
HE LEGS, !S ALSO CONSTANT. 
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PART VI 


FATIGUE, EMBRITTLEMENT AND VIBRATIONS 


a 


ANY STRUCTURAL MEMBER SUBJECT TO TENSILE STRESSES 
CAUSED BY LOADING CONDITIONS WHICH REPEAT THEM- 
SELVES CAN FAIL DUE TO FATIGUE. THE TYPE OF 
STRUCTURES HEREIN RECOMMENDED FOR THE TEXAS TOWERS 
INCLUDE A BRACING SYSTEM WHICH 1S SUBJECTED TO 

SUCH CONDITIONS. THEREFORE, DESIGN CRITERIA MUST 
BE ESTABLISHED WHICH PRECLUDE THE POSSIBILITY OF 
FATIGUE FAILURE. THE PRIMARY LOADING CONDITIONS 
WHICH CAUSE REPEATED TENSILE STRESSES iN THE BRAC- 
ING SYSTEM ARE WIND AND WAVE FORCES. AS THE STRESS 
WHICH A STRUCTURAL MEMBER CAN ENDURE 1S A FUNCTION 
OF BOTH THE NUMBER OF REPETITIONS AND THE MAGNITUDE 
OF THE STRESS, THE APPROXIMATE NUMBER OF REPETITIONS 
OF THE LARGER STRESS MAGNITUDES DURING THE ENTIRE 
LIFE EXPECTANCY OF THE TEXAS TOWERS MUST BE EVALU- 
ATED. FoR THIS PURPOSE THE LIFE EXPECTANCY CAN BE 
ASSUMED TO BE 50 YEARS. THE NUMBER OF THE STRESS 
REPETITIONS WITHIN 50 YEARS CAN BE APPROXIMATED BY 
AN EXAMINATION OF THE DAILY NORTH ATLANTIC WEATHER 
MAPS OF THE PAST TEN YEARS AND LISTING THE TOTAL 
DURATION OF ALL STORMS WITH WIND VELOCITIES OVER 

YQ MILES PER HOUR. 


ASSUMING THAT ALL STORMS IN THE FUTURE 50 YEARS WILL 
BE SIMILAR TO THE STORMS OF THE LAST [O YEARS, EACH 
WAVE HEIGHT IN THE STAIRWAY APPROXIMATION CAN BE 
ASSOCIATED WITH PARTICULAR WAVE AND WIND FORCES ON 
THE STRUCTURE AND IN TURN CAUSE CERTAIN TENSIONAL 
STRESSES IN THE BRACING SYSTEM. [N THIS WAY THE 
NUMBER AND MAGNITUDES OF STRESS REPETITIONS DUE TO 
WIND AND WAVE FORCES THROUGHOUT THE TOTAL EXPECTED 
LIFE OF THE STRUCTURE CAN BE COMPARED WITH THE FATIGUE 
STRESS CHARACTERISTICS FOR THE STRUCTURAL MATERIAL OF 
WHICH THE BRACING SYSTEM 1S FABRICATED. 


DESIGN AND BRACING SYSTEM VARIABLES 


THE DESIGN OF THE BRACING SYSTEM TAKES INTO ACCOUNT 
THE AFFECT OF THE FOLLOWING VARIABLES? 
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STRESS CONCENTRATIONS 

S'IZE EFFECT ANO STRESS DISTRIBUTION 
CORROSION FATIGUE 

NoTCH SENSITIVITY 

SURFACE CONDITIONS AND COATINGS 
STRESS HISTORY 

INCLUSIONS AND DIRECTIONAL PROPERTIES 
RESIDUAL STRESSES 

GRAIN SIZE 

SPEED EFFECT 

TEMPERATURE EFFECT 

CoLD WORK 

"Cocoa" OR FRETTING CORROSION 
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THE EFFECTS ON THE FATIGUE STRENGTH OF A STRUCTURAL 
MEMBER LISTED UNDER (A) THROUGH (F) ano (M) are oF 
MAJOR IMPORTANCE WHEREAS THOSE LiSTED UNDER (G) 
THROUGH (L) ARE OF MINOR IMPORTANCE. 


THE DESIGN OF THE BRACING SYSTEM MUST TAKE INTO CON- 
SIDERATION THE POSSIBILITY OF FAILURE BY BRITTLE 
FRACTURE. A BRITTLE FRACTURE CAN OCCUR UNDER THE 
INFLUENCE OF A COMBINATION OF THE FOLLOWING FACTORS? 


A Low TEMPERATURE 

B HiGH RATE OF STRAIN 

C STRESS CONCENTRATION 

D LARGE VALUES OF STRESS 


LOW TEMPERATURES AND DYNAMIC LOADING CAN OCCUR SIMUL-— 
TANEOUSLY AT THE LOCATIONS OF TEXAS TOWERS. IN ORDER 
TO AVOID A BRITTLE FRACTURE, SERIOUS STRESS CONCEN- 
TRATION FACTORS MUST BE MINIMIZED AND PROBABILITY OF 
FORMATION OF FATIGUE CRACKS OF APPRECIABLE SIZE 
AVOIDED BY CAREFUL AND CONSERVATIVE DESIGN OF THE 
BRACING SYSTEM. 


SELF- INDUCED VIBRATIONS 


DURING A STORM THE FLOW OF AIR BETWEEN THE DOME STRUC- 
TURES WILL HAVE AN INCREASED VELOCITY DUE TO THE 
"VENTURI EFFECT AND SELF~INOUCED VIBRATIONS DUE TO 
THE "KARMAN VORTEX TRAIL” MAY BE SET UP. HOWEVER, IT 
1S BELIEVED THAT SUCH SELF-EXCITED VIBRATIONS WILL NOT 
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BECOME SERIOUS BECAUSE OF THE FLEXIBILITY AND LOW 
MASS OF THE DOMES. KARMAN VORTICES ALSO FORM WHEN 
A FLUID FLOWS AROUND A SHARP EDGED DISCONTINUITY 

IN THE FLOW STREAM. SUCH A PHENOMENON MAY OCCUR 

AT THE REAR SIDE OF THE TRIANGULAR PLATFORM. 

SHOULD AN ANALYSIS REVEAL THAT DYNAMIC VIBRATIONS 
COULD BECOME SERIOUS, THE APPLICATION OF "SPOILERS | 
MUST BE TAKEN INTO CONSIDERATION. SUCH SPOILERS 
CHANGE THE AERODYNAMIC FLOW PATTERN AND REDUCE OR 
ELIMINATE DYNAMIC VIBRATION. HOWEVER, SUCH DEVICES 
NECESSARILY INCREASE THE DRAG ON THE STRUCTURE. 
SELF-INDUCED VIBRATIONS DUE TO REPETITIVE WAVE IM- 
PACTS ON THE LEGS WILL NOT OCCUR FOR REASONS PRE- 
VIOUSLY DISCUSSED. 


ABRASION FROM WATER-BORNE SAND 


THE AMOUNT AND MAXIMUM PARTICLE SIZES OF SAND SUS-— 
PENDED IN WATER CLOSE TO THE SEA BOTTOM ARE FUNCTIONS 
Om THE WATER) WEROC IN 8 VEL OCHMNES CLOSE, TO. THE SEA 
BOTTOM ARE itNDUCED BY WAVE ACTION AND BY TIDAL CUR- 
RENTS, THE FIRST BEING OSCILLATORY WITH THE PERIOD OF 
THE WAVE AND THE SECOND BEING TRANSILATORY IN THE 
DIRECTION OF THE CURRENT. UNDER THE CONDITIONS FOUND 
AT THE SiTES AT GEorRGE'S BANK AND NANTUCKET SHOALS, 
EITHER TYPE OF SEA BOTTOM MOVEMENT HAS VELOCITIES 
SUFFICIENT TO TRANSPORT SAND AND MAY CAUSE SERIOUS 
ABRASIVE LOSSES TO SUBMERGED STRUCTURES. HENCE, ADE- 
QUATE PROTECTION AGAINST SUCH ABRASION OR SAND 
CUTTING MUST BE PROVIDED AT THESE TWO LOCATIONS. 
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